^ 1 - 



TYT-M223 



A DEVICE FOR CONTROLLING AN INTERNAL COMBUSTION ENGINE 
WITH A VARIABLE VALVE TIMING SYSTEM 

BACKGROUND OF THE INVENTION 

1* Field of the Invention 

The present invention relates to a device for 
controlling an internal combustion engine with a variable 
valve timing system. 

2. Description of the Related Art 

In order to purify the exhaust gas immediately 
after the start of the engine, a catalytic converter 
arranged in the exhaust system of the engine must be 
activated quickly. For this purpose, in a control device 
disclosed in Japanese Unexamined Patent Publication 
No. 2000-170556, the exhaust valve is temporarily opened 
in the expansion stroke by using a variable valve timing 
system, and thus the exhaust gas at a high temperature, 
in the expansion stroke , is allowed to flow into the 
catalytic converter in an attempt to raise the 
temperature of the catalytic converter to an activating 
temperature quickly. 

By the way, in general, combustion is unstable 
just after the start of the engine- To stabilize the 
combust ipn, therefore, the combustion air-fuel ratio is 
selected to be richer than the stoichiometric air-fuel 
ratio and, hence, the exhaust gas contains unburned fuel 
in a relatively large amount. According to the above 
control device, therefore, the catalytic converter can be 
activated quickly as compared to when it is normally 
heated. It is, however, advantageous to activate the 
catalytic converter quickly by burning the unburned fuel 
in the exhaust gas exhausted in the exhaust stroke in the 
catalytic converter by using the secondary air rather 
than by raising the temperature of the catalytic 
converter by utilizing the exhaust gas temperature only, 
though the temperature of the exhaust gas exhausted in 



the exhaust stroke may be lower than that exhausted in 
the expansion stroke. 

However, a pipe for communicating the air 
cleaner with the engine exhaust system, and a pump for 
supplying the secondary air to the engine exhaust system, 
cannot be easily mounted on a vehicle, 
SUMMARY OF THE INVENTION 

It is therefore an object of the present invention 
to provide a device, for controlling an internal 
combustion engine with a variable valve timing system, 
which can easily supply the secondary aix to the exhaust 
gas of a rich air-fuel ratio in order to activate the 
catalytic converter quickly without using a pipe and the 
like that cannot be easily mounted on the vehicle, 

A device, for controlling an internal combustion 
engine with a variable valve timing system, according to 
the present invention is characterized in that, while the 
piston descends just after the combustion in the 
cylinder, the intake valve is opened by the variable 
valve system for the intake valve such that the intake 
air is supplied into the cylinder from the engine intake 
system. 

According to the device, the intake valve is opened 
while the piston descends just after the combustion, 
i.e., in the expansion stroke in 4-stroke engines or in 
the scavenging stroke in 2-stroke engines, such that the 
intake air is supplied into the cylinder. Therefore, 
when the exhaust valve is opened, the intake air in the 
cylinder is supplied to the catalytic converter together 
with the exhaust gas of a rich air-fuel ratio just after 
the start of the engine. Thus, the secondary air can be 
easily supplied to the exhaust gas of the rich air-fuel 
ratio, without requiring pipes that cannot be easily 
mounted on the vehicle, the unburned fuel in the exhaust 
gas can be burned in the catalytic converter, and the 
catalytic converter as a whole can be heated up to the 
activating temperature quickly. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a view illustrating the whole constitution 
of an internal combustion engine on which a control 
device according to the invention is mounted. 
5 Fig. 2 is time charts illustrating the control 

operations for opening and closing the intake valve and 
the exhaust valve, wherein Fig, 2(A) illustrates the 
control operation in normal engine operating conditions , 
Fig. 2(B) illustrates the control operation just after 

10 the start of the engine, and Fig. 2(C) illustrates the 

control operation in low engine load operating 
conditions . 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

Fig. 1 is a view illustrating the whole constitution 

15 of an internal combustion engine on which a control 

device according to the invention is mounted. Reference 
numeral 1 denotes an engine body, 2 denotes a cylinder 
block, 3 denotes a cylinder head, 4 denotes a piston and 
5 denotes a combustion chamber. In the cylinder head 3, 

20 there are formed an intake port 7 communicated with the 

combustion chamber 5 via an intake valve 6, and an 
exhaust port 9 communicated with the combustion chamber 5 
via an exhaust valve 8. Reference numeral 10 denotes a 
spark plug facing the combustion chamber 5, and 11 

25 denotes a fuel injector for injecting fuel directly into 

the combustion chamber 5- Reference numeral lla denotes 
a pressurized fuel chamber, for supplying the high- 
pressure fuel to the fuel injector 11 on each cylinder, 
that is maintained at a desired high fuel pressure by 

30 using the fuel fed from a fuel pump lib* 

A branch pipe 13 of an intake manifold located 
downstream of a surge tank 12 is connected to the intake 
port 7, and an intake air control valve 14 is disposed in 
the branch pipe 13 of each cylinder. The intake air 

35 control valve 14 is freely controlled in its opening 
degree by a drive unit 15 such as a step motor or the 
like. In an intake duct 16 located upstream of the surge 
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tank 12, there are arranged, from th downstream side, an 
inter-cooler 17, a bypass flow rate adjusting valve 18, a 
compressor of a turbo charger 19 and an air flow 
meter 20. The intake duct 16 is communicated with the 
atmosphere through an air cleaner 21- instead of the 
intake air control valve 14 in each branch pipe 13, there 
may be arranged a throttle valve in the intake duct 16 
just upstream of the surge tank 12. In this case, it is 
desired that the throttle valve is driven by a step motor 
or the like similar to the intake control valve 14 and 
that its opening degree is freely set without being 
mechanically linked to the accelerator pedal. 

The inter-cooler 17 is for cooling the intake air 
and is, for example, water-cooled and has a radiator 17a 
15 and a circulation primp 17b. The bypass flow rate 

adjusting valve 18 has a bypass passage 18a bypassing the 
inter -cooler 17, and works to adjust the flow rate of the 
intake air that flows into the inter-cooler 17. 

On the other hand, to the exhaust port 9 of each 
20 cylinder is connected a branch pipe 22 of an exhaust 

manifold located upstream of the turbine of the turbo 
charger 19. The downstream side of the turbine of the 
turbo charger 19 is communicated with the atmosphere 
through a catalytic converter 23 in which a three-way 
25 catalytic converter and a NO x absorbing and reducing 

catalytic converter are arranged in series. Reference 
numeral 19a denotes a boost pressure adjusting valve 
arranged in a waste gate passage 19b bypassing the 
turbine of the turbo charger 19. 
30 T he intake valve 6 can be opened and closed at any 

time by an electromagnetic actuator 6a as a variable 
valve timing system for the intake valve. The exhaust 
valve 8 also can be opened and closed at any time by an 
electromagnetic actuator 8a as a variable valve timing 
35 system for the exhaust valve. Reference numeral 24 

denotes a drive circuit for driving the electromagnetic 
actuators 6a and 8a, and is controlled by a control 



device 30. The control device 3 0 not only opens and 
closes the intake valves 6 and the exhaust valv s 8 via 
the drive circuit 24, but also control the opening degree 
of the intake air control valve 14 via the drive unit 15, 
the amount of injected fuel and the fuel injection timing 
via the fuel injector 11, the ignition timing via the 
spark plug 10, the fuel pressure in the pressurized fuel 
chamber 11a via the fuel pump lib, the temperature of the 
intake air via the bypass flow rate adjusting valve 18, 
and the boost pressure via the boost pressure adjusting 
valve 19a. 

Fig. 2 is a time chart of control of the opening and 
closing of the intake valve 6 and the exhaust valve 8 by 
the control device 30 via the electromagnetic 
actuators 6a and 8a. in Fig. 2, (B) represents the 
bottom dead center and (T) represents the top dead 
center. Fig. 2(A) illustrates controlling the opening 
and closure of the intake valve 6 and the exhaust valve 8 
in a normal engine operation. In the normal engine 
operation, the engine carries out the 4-stroke operation 
including intake stroke, compression stroke, expansion 
stroke and exhaust stroke, wherein the intake valve 6 is 
opened just before the exhaust top dead center and is 
closed just after the intake bottom dead center, and the 
exhaust valve 8 is opened just before the expansion 
bottom dead center and is closed just after the exhaust 

top dead center. 

in the 4-stroke operation and when, for example, the 
required amount of injected fuel is small, the fuel is 
injected in the latter half of the compression stroke to 
form a combustible mixture near the spark plug and thus a 
stratified charge combustion enabling the combustion at a 
lean air-fuel ratio in the cylinder as a whole is carried 
out. When the amount of injected fuel becomes large, 
accompanying an increase in the engine load, the fuel is 
injected in the intake stroke to form a uniform mixture 
in the cylinder as a whole and thus the uniform charge 
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combustion is carried out at mainly the stoichiometric 
air-fuel ratio. in ither the stratified charge 
combustion or the uniform charge combustion, the ignition 
is effected by the spark plug 10 near the compression top 
5 dead center, and combustion occurs until just after the 

compression top dead center. 

in combustion at a lean air-fuel ratio, as in the 
stratified charge combustion, the exhaust gas contains 
N0 X in amounts larger than HC and CO, and the NO x 
10 absorbing and reducing catalytic converter is used for 

purifying the NO x . In the combustion at the 
stoichiometric air-fuel ratio, as uniform charge 
combustion, HC, CO, and NO, in the exhaust gas are 
favorably purified by using the three-way catalytic 

15 converter. 

Thus, in the normal engine operation, no matter 
which combustion is carried out, the exhaust gas is 
favorably purified by the NO, absorbing and reducing 
catalytic converter or the three-way catalytic converter. 
20 By the way, during the start of the engine and just after 

the start of the engine, for example, uniform charge 
combustion is carried out. At this time, however the 
catalyst in the three-way catalytio converter has not 
been heated up to its activating temperature, and thus is 
25 not capable of favorably purifying the exhaust gas. The 
three-way catalytic converter will eventually be warmed 
up, and the catalyst that is carried thereon will all be 
completely activated to favorably purify the exhaust gas. 
until then, however, the exhaust gas that is not 
30 sufficiently purified is emitted into the atmosphere. In 
order to decrease the amount of this emission, it has 
been desired to warm up the three-way catalytic converter 
as quickly as possible, so that the temperature of the 
catalytic converter as a whole is elevated up to the 
35 catalytic activating temperature. 

During the start of the engine and just after the 
start of the engine, the injected fuel is not favorably 
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vaporized and thus the combustion becomes unstable. 
Therefore, the combustion air-fuel ratio is set. to be 
richer than the stoichiometric air-fuel ratio, and thus 
unburned fuel is contained in relatively large amounts in 
the exhaust gas. Therefore, if the unburned fuel is 
burned by the catalyst at a moment when only the catalyst 
carried on the exhaust upstream portion of the three-way 
catalytic converter is elevated up to the activating 
temperature, the whole catalytic converter can be 
elevated up to the catalytic activating temperature at a 
very early time, usually, however, this cannot be 
realized due to the shortage of oxygen. 

Fig. 2(B) illustrates controlling the opening and 
closure of the intake valve 6 and the exhaust valve 8 
15 just after the start of the engine. Here, the exhaust 
valve 8 is opened at the initial stage of the expansion 
stroke after the end of combustion just after the 
compression top dead center to lower the pressure in the 
cylinder down to, preferably, nearly the atmospheric 
pressure, and then the exhaust valve 8 is closed. 
Therefore, from the middle stage in the expansion stroke 
up to just after the expansion bottom dead center, the 
pressure in the cylinder becomes smaller than the 
atmospheric pressure due to an increase in the volume of 
the cylinder as the piston descends. During this period, 
the intake valve 6 is opened to introduce the intake air 
into the cylinder. 

In the exhaust stroke, the exhaust valve 8 is opened 
again, whereby the intake air introduced into the 
cylinder is fed, as the secondary air, together with the 
exhaust gas containing unburned fuel in large amounts 
into the three-way catalytic converter. Therefore, if 
only the catalyst carried on the exhaust upstream portion 
of the three-way catalytic converter is heated to the 
35 activating temperature, then, the unburned fuel can be 
burned by this catalyst by using a sufficient amount of 
oxygen contained in the intake air and thus the three-way 
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catalytic converter as a whole can be heated to the 
activating temperature of the catalyst very quickly. The 
combustion heat of the unbumed fuel in the upstream 
portion of the three-way catalytic converter works not 
only to elevate the temperature of the three-way 
catalytic converter as a whole but also to elevate the 
temperature of the no* absorbing and purifying catalytic 
converter, located on downstream side thereof up to the 
activating temperature quickly. 

Even during the start of the engine and before 
combustion takes place in all the cylinders, the exhaust 
valve 8 and the intake valve 6 may be opened in the 
expaneion stroke similar to immediately after the start 
of the engine in which the combustion takes place in all 
the cylinders. During the start of the engine, however 
the combustion in each cylinder takes the utmost 
precedence and therefore it is preferable, for reliable 
ignition and combustion, that such opening and closing 
control of the intake valve 6 and the exhaust valve 8 is 

20 not carried out. 

just after the start of the engine, a large amount 
of the intake air is not required and, thus, the amount 
of the intake air supplied into the cylinder in the 
intake stroke is throttled by the intake air control 
valve 14 or the throttle valve. Therefore, the pressure 
in the cylinder can become lower than the atmospheric 
pressure in the middle stage in the expansion stroke or 
in the last stage of the expansion stroke even when the 
exhaust valve 8 is not opened in the initial stage of the 
expansion stroke just after the combustion and thereby 
the pressure in the cylinder is not lowered. In this 
case, if the intake valve 6 is opened when the pressure 
in the cylinder becomes lower than the atmospheric 
pressure, the intake air can be supplied into the 
cylinder. Accordingly, in this case, the exhaust valve 8 
is not required to open in the initial stage of the 
expansion stroke. 
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Despite the intake air being introduced into the 
cylinder in the expansion stroke and supplied to the 
three-way catalytic converter , the unburned fuel in the 
exhaust gas cannot be burned when the catalyst of the 
5 three-way catalytic converter has not all been activated ♦ 

Here, if the exhaust valve 8 is opened in the initial 
stage of the expansion stroke just after the combustion, 
the pressure in the cylinder drops and, at the same time, 
the exhaust gas of a high temperature just after the 
10 combustion is fed to the three-way catalytic converter. 

This is advantageous for elevating the temperature of the 
catalyst on the exhaust upstream portion of the three-way 
catalytic converter up to the activating temperature 
quickly. 

25 The present embodiment has dealt with the case where 

the three-way catalytic converter in the catalytic 
converter 23 is located upstream of the NO x absorbing and 
reducing catalytic converter. If the NO* absorbing and 
reducing catalytic converter is located on the upstream 

2 0 side, the unburned fuel in the exhaust gas ie burned in 

the same manner as described above by the oxidation 
catalyst carried on the N0 X absorbing and reducing 
catalytic converter, and thus the three-way catalytic 
converter as a whole can be heated together with the NO x 

25 absorbing and reducing catalytic converter as a whole up 

to their activating temperatures quickly. In the present 
embodiment, further, each of the combustion during the 
start of the engine and the combustion immediately after 
the start of the engine is the uniform charge combustion 

30 at a rich air-fuel ratio by injecting the fuel in the 

intake stroke. These combustions, however, may be the 
stratified charge combustion at a rich air-fuel ratio by 
injecting the fuel in the latter half of the compression 
stroke. 

35 Upon favorably purifying the exhaust gas by using 

the catalytic converter 23 as described above, the 
control for opening and closing the intake valve 6 and 



•the exhaust valve 8 in the expansion stroke shown in 
Fig* 2(B) is stopped and, instead, the ordinary control 
for opening and closing as shown in Fig- 2(A) is carried 
out. In low-engine load operating conditions, according 
-to the present embodiment, however, the 4-stroke 
operation may be changed over to the 2 -stroke operation 
by controlling the opening and closing of the intake 
valve 6 and the exhaust valve 8 as shown in Fig. 2(C). 

in the 2-stroke operation, a valve overlap period is 
provided for the intake valve 6 and the exhaust valve 8. 
However, the opening and closing thereof are nearly the 
same as the opening and closing in the expansion stroke 
in Fig. 2(B), Namely, the exhaust valve is opened to 
discharge the exhaust gas in the initial stage of the 
scavenging stroke just after the combustion, whereby the 
pressure in the cylinder drops. when the intake valve is 
opened in the intermediate stage of the scavenging 
stroke, therefore, the intake air is introduced into the 
cylinder- Then, the compression stroke is assumed, and 
the combustion starts near the compression top dead 
center. in the 2-stroke operation, the timing for 
injecting the fuel is after the exhaust valve 8 is closed 
in the scavenging stroke. 

In the present 2-stroke operation, the ignition may 
be effected by the spark plug 10 near the compression top 
dead center- However, if the mixture is self -ignited, 
the combustion period is shortened and the amount of 
produced NO x can be decreased. Therefore, the present 
2-stroke operation is based on self-ignition. 

When a mixture is burned, in general, there are 
formed free radicals of HC and the like. If free 
radicals are left in the cylinder, the mixture is easily 
self-ignited the next time due to the activity thereof. 
Free radicals are very active. In the 4 -stroke 
operation, the period from just after the combustion that 
forms free radicals to the ignition timing in the last 
stage of the compression stroke of the next time is long. 



In the ignition timing, the fre radicals have air ady 
been chemically reacted with other substances, ai>d th 
activity of the free radicals cannot b utilized for 
self-igniting the mixture . 

in the 2 -stroke operation, on the other hand, the 
period from just after the combustion to the last stage 
of the compression stroke is short, and free radicals 
formed by the combustion can be present in the mixture 
until the last stage of the compression stroke, and thus 
the mixture can be self -ignited. That is, despite the 
exhaust valve 8 being opened in the scavenging stroke, 
the exhaust gas is not all discharged out of the 
cylinder; i-e., free radicals of HC are contained in the 
exhaust gas remaining in the cylinder, and can be 
utilized for self-ignition* when the exhaust gas remains 
in relatively large amounts in the cylinder, the inert 
gas that is the chief component of the exhaust gas lowers 
the temperature of combustion to decrease the amount of 
produced N0 X . In the 2-stroke operation in which the 
period is short until the ignition timing, the 
temperature of the exhaust gas can be utilized for self- 
ignition. 

During a low load operation of the engine carrying 
out the 2-stroke operation, the amount of the exhaust gas 
is small, the turbo charger 19 does not work well, and 
thus the intake air pressure can hardly be boosted. As 
described concerning the opening and closing control 
operation {Fig. 2(B)) just after the start of the engine, 
however, if the pressure in the cylinder is lowered by 
opening the exhaust valve in the initial stage of the 
scavenging stroke just after the combustion, the pressure 
in the cylinder in the low engine load operation becomes 
reliably lower than the atmospheric pressure due to an 
increase in the volume in the cylinder as the piston 
descends, and the intake is reliably supplied into the 
cylinder even without the boosting. 

In the present embodiment, electromagnetic actuators 
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were used as the variable valve tinting systems for intake 
valve and as the variable valve timing system for exhaust 
valve, which, however may be replaced by hydraulic 
actuators. Further, such actuators may not be used. 
5 Namely, when the intake valve 6 and the exhaust valve 8 

are controlled by three patterns only shown in 
Figs. 2(A), 2(B) and 2(C), then, the cam shaft for the 
intake valve and the cam shaft for the exhaust valve may 
be provided with three cams, respectively, for realizing 

10 these three patterns, these cams are changed over, and 

only the required cams may become effective. 

In the present embodiment, the intake valve is 
opened in the expansion stroke of 4-stroke engines or in 
the scavenging stroke in 2-stroke engines such that the 

15 intake air is supplied into the cylinder by using of the 

difference between the intake port pressure and the 
cylinder pressure. Accordingly, strictly speaking, the 
intake valve is controlled to open when the actual intake 
port pressure in the expansion stroke or the scavenging 

20 stroke becomes higher than the cylinder pressure. 

However, the intake valve control in accordance with the 
actual intake port pressure is very complicated. 
Accordingly, in the present embodiment, the intake port 
pressure An the expansion stroke or the scavenging stroke 

25 is always assumed to be atmospheric pressure to simplify 

the intake vaive control* 



